Detailed restriction and nucleotide sequence analysis of the Pseudomonas putida TOL plasmid pDKl xyLE gene revealed significant homology with isofunctional xylE (81.5%) and nahH (78.0%) genes from the TOL pWWO and NAH7 plasmids. The highest degrees of nucleotide and apparent amino acid conservation (82.2 and 86.4%, respectively) among all three genes were found to exist within a region comprising 264 nucleotides encoding the C terminus. A comparison of localized regions revealed significantly greater homology between xylEPww, and xylEPDK1 within the C-terminal region, whereas xyLEpwwo and nahH showed greater similarity at the N terminus. The possibility that xyLEpwwo may represent a genetic hybrid of xyLEpDK1 and nahH is discussed.
discussed.
TOL plasmids, which encode for the degradation of toluene and related aromatic hydrocarbons, have been the subject of much recent intensive study. The genes in TOL plasmids are arranged in two operons, one encoding enzymes for initial hydrocarbon oxidation (the upper operon) and the other specifying enzymes for aromatic ring cleavage and the meta fission pathway (the lower operon) (for reviews, see references 1, 6, and 22) . Despite extensive mapping studies aimed at resolving the genetic fine structure of TOL-encoded operons, little information on the nucleotide sequence of relevant genes has yet to emerge. The one exception to this is xylE from TOL plasmid pWWO (xylEpwwo), which encodes the aromatic-ring-cleavage enzyme, catechol 2,3-dioxygenase (C230) (metapyrocatechase) (EC 1.13.11.2) (13) . The xylE gene product is a 307-amino-acid polypeptide that shares 74% sequence homology with its isofunctional counterpart nahH from plasmid NAH7, conferring naphthalene degradation (4, 5) . The two genes are 80% homologous in nucleotide sequence, and therefore the possibility that they evolved from a common ancestor has been proposed (5) . A comparison of isofunctional xylE genes from separate TOL plasmids has, however, not been undertaken despite the fact that some TOL plasmids may encode for more than a single C230 (2, 10, 14) . The present work describes the nucleotide sequence of xylE from the TOL plasmid pDK1, which is geographically remote in origin from that of TOL pWWO. In addition, its structure is compared with that of xylEpwwo and nahH. A preliminary account of this work appeared previously (20) .
The TOL plasmid pDK1 was originally isolated from Pseudomonas putida HS1 in Minnesota by Kunz and Chapman (11) . The catabolic genes were subsequently subcloned by Shaw and Williams (18) into plasmid RP1 and shown to exist in two separate operons similar to the situation in TOL pWWO (22) . We acquired the RP1-TOL pDK1 recombinant, designated pDKR1, from the above investigators and subjected it to further subcloning procedures to isolate the xylL-E region of the lower operon. pBR325 and pUC19 cloning vectors and pDKR1 DNA from P. putida PaW630 * Corresponding author.
(Trp-Strr) were prepared by established methods (8, 19) . DNA from an EcoRI digest of pDKR1 was subcloned into pBR325, generating plasmid pBK188 containing a 5.1-kb insert spanning the xylL-E region. This plasmid was then digested with XhoI, and DNA was further subcloned into the Sail cloning site of pUC19 to generate pBK189 carrying the xylE gene on a 2.2-kb fragment. Cells carrying the latter plasmid expressed C230 activity as evidenced by the formation of yellow ring-fission product (2-hydroxymuconic semialdehyde) when suspended in catechol-containing (1 mM) phosphate buffer (pH 7.0). The 2.2-kb XhoI fragment from pBK189 was isolated and digested with TaqI, BstEII, RsaI, Sail, or multiple digests thereof, and individual fragments were purified before being subjected to Maxam and Gilbert (12) or M13 (16, 17, 23) sequencing techniques. The xylEpDK1 gene was identified by comparing preliminary sequence data with published sequences for xylEpwwo and nahH (4, 5, 13) . Fig. 1 ) are underlined.
A comparison of restriction sites for SmaI, BstEII, Sall, and PstI with those published for other C230 genes (2, 10) indicates that xylEPDK1 encodes a class lb type C230. It should be noted, however, that two BstEII sites were detected 50 bp apart at the 3' end of the gene (Fig. 1) instead of the single site reported for other class lb C230s. The nucleotide and predicted amino acid sequences of xylEPDK1 are illustrated in Fig. 2 Although the overall structure of xylEPDK1 appears to be very similar to that of xylEpwwo and nahH, it was surprising to find that the relatedness between the two xylE genes was no greater than that between either xylE gene and nahH. A priori, one may have hypothesized that the two xylE genes would be more similar given that they occur in isofunctional operons. The finding that, at the N terminus, the resemblance is greater for xylEpwwo and nahH while, at the C terminus, xylEpwwo and xylEPDKl are more related could be interpreted to mean that xylEpwwo represents a genetic hybrid of the other two C230s, i.e., having borrowed the N-terminal half from nahH and the C-terminal half from xylEpDKl. This hypothesis is certainly consistent with the well-recognized propensity of bacterial plasmid genes to undergo genetic recombination. This further finds analogy with the notion that proteins may evolve piecemeal via the interchange of DNA encoding separate domains (7, 15) .
Alternatively, it is possible that xYlEpwwo and xylEPDK1 diverged after the separation of xylE and nahH ancestors, but, because of selective pressure exerted on the hosts of xylEpwwo and nahH, the nucleotide sequences encoding the N-terminal half of these two genes were better conserved than those of xylEPDKl. In any event, the present work suggests that the evolution of C230s may have occurred independently of the plasmid-encoded pathway (TOL, NAH) in which they are found. At the same time, evolutionary constraints appear to have been greater on the structural conservation of the C terminus than on other regions of the gene, a conclusion consistent with recent work indicating that it is this part of C230 which is most important catalytically (21) .
